Immunosurveillance is an important part of the immune response not only against pathogens but also against cancer. As one mechanism, cytotoxic lymphocytes, including NK cells and CD8+ T cells, can detect cell surface molecules whose expression is induced in infected or transformed cells. One sensor of such 'kill me\' signals is the natural-killer group 2, member D (NKG2D) receptor expressed on natural killer (NK), CD8+ T cells and on *γδ* T cells.

NKG2D ligands are reported usually not to be expressed on the cell surface of healthy cells, although a few studies have shown expression of major histocompatibility complex (MHC) class I chain-related protein A/B (MICA/B) on healthy tissues such as the gastrointestinal epithelium ([@bib16]; [@bib3]) but can be induced in response to various stressors, including chromatin remodelling, infection or transformation and render stressed cells susceptible to killing by cytotoxic cells ([@bib27]; [@bib40]). However, NKG2D ligands, such as MICA and MICB, can also be shed from the surface of transformed cells, and soluble MICA and MICB have been reported in the sera of patients with a wide variety of malignancies ([@bib29]; [@bib43]).

Shedding of NKG2D ligands leads not only to reduced cell surface ligand density and reduced NK cell recognition but also continual exposure to soluble ligands also results in downregulation of surface NKG2D expression and subsequent reduction of NK and CD8+ T-cell cytotoxicity ([@bib17]; [@bib30]; [@bib10]; [@bib19]). Moreover by inducing caspase-mediated CD3ζ degradation in T and NK cells, soluble MICA has also been shown to negatively affect other activating receptors, such as the T-cell receptor, CD16 and NKp46, thereby inducing a more general tolerisation of cytotoxic cells ([@bib19]). In addition, NKG2D expression has been reported on some tumours, where soluble NKG2D ligands may stimulate pro-survival signals and stimulate tumour cell proliferation ([@bib6]).

Shedding of MICA/B is mediated by endoplasmic reticulum protein 5 (ERp5), which binds to a conserved six amino acid motif in the *α*3-domain of MICA and MICB and induces a conformational change that allows protease cleavage, for example, by ADAM10 or ADAM17 ([@bib21]; [@bib41]; [@bib7]; [@bib42]).

Regulation of NKG2D ligand expression has been reported to occur at the transcriptional, post-transcriptional and post-translational levels, but is still not well understood (reviewed in [@bib27]). MicroRNAs can regulate MICA/B protein expression ([@bib38]), while ubiquitination, palmitoylation and glycosylation have been shown to regulate intracellular retention and cell surface expression and distribution ([@bib12]; [@bib39]; [@bib2]; [@bib23]). Moreover, MICA/B does not always reach the cell surface and can instead be released from cells through exosomes ([@bib9]; [@bib4]).

Most studies investigating expression and localisation of MICA/B have been performed using cell lines, often ones that were engineered to over-express MICA or MICB. Therefore, expression and, in particular, intracellular distribution of MICA/B in normal and tumour tissue is not well understood. Here we describe a systematic analysis of MICA/B expression *in situ* in a wide range of normal and tumour tissues, using a well-characterised antibody specific for the *α*3-domain of MICA/B that recognises a wide range of MICA and MICB alleles. MICA/B expression and sub-cellular localisation was characterised by immunohistochemistry (IHC) and confocal microscopy, which revealed intracellular expression of MICA/B in many epithelial cell types. Moreover, MICA/B was also found to be expressed by the majority of cancer samples analysed; however, we did not observe qualitative differences in cell surface expression of MICA/B between tumour cells and MICA/B-expressing epithelial cells.

Materials and methods
=====================

Antibodies
----------

The anti-MIC mouse IgG2a antibody B1-F2A4 was a provided by Dr T Spies from the Fred Hutchinson Cancer Research Center, Seattle, WA, USA), NIP228 mouse IgG2a isotype control antibody has been previously described ([@bib24]).

The following additional antibodies were used: mouse anti-MICA/B (clone 6D4) (BioLegend, San Diego, CA, USA), rabbit anti-CD63 pAb (ab118307) (Abcam, Cambridge, UK), rabbit anti-CD107a (LAMP1) pAb (\#9091) (Cell Signaling, Danvers, MA, USA) and rabbit immunoglobulin fraction isotype control (X0936) (Dako, Ely, UK).

The following secondary conjugated antibodies were used; Rabbit anti-Mouse IgG Alexa488 (A11059) and Goat anti-Rabbit IgG Alexa594 (A11037) (Invitrogen, Thermo Fisher, Basingstoke, UK), Goat anti-Mouse IgG PE (Jackson Laboratories, Bar Harbor, ME, USA).

Cells
-----

All cells were cultured at 37 °C in 5% CO~2~ in medium as recommended by the supplier. The HeLa cell line was purchased from the American Type Culture Collection (ATCC, Manassas, VA, USA), HT29 was purchased from the Leibniz Institute DSMZ -- German Collection of Microorganisms (DSMZ, Braunschweig, Germany), MDA-MB-231 and Pan02 were from the National Cancer Institute (NCI, Bethesda, MD, USA) and HCT116 was from the European Collection of Authenticated Cell Cultures (ECACC) (Porton Down, UK).

C1R MICA\*004 and C1R MICB\*001 cell lines were a kind gift from Dr T Spies and were cultured as described ([@bib16], [@bib18]; [@bib37]).

Cell lines utilised for IHC were embedded in optimum cutting temperature compound (OCT, Sakura Finetek, Torrance, CA, USA) and snap frozen into pellets ready for cryo-sectioning.

Tissue
------

All tissue samples from both surgical and post-mortem procedures were obtained with full informed consent.

Human frozen tumour tissue micro-array (TMA) slides were purchased from Asterand Bioscience (Royston, Hertfordshire, UK) and contained duplicate samples from 10 donors in duplicate from eight tumour types; colorectal, non-small cell lung cancer (NSCLC), breast, prostatic, pancreatic, hepatocellular carcinoma (HCC), ovarian and gastric. Additional TMA slides (Tristar Technology Group LLC, (Rockville, MD, USA) comprised 10 single donors each of colorectal, ovarian, breast, lung and prostate; six donors of pancreatic; four donors of gastric; and two donors each of representative normal tissue for each tumour type.

Matching serum and tumour tissue from four gastric, two colorectal and three breast cancer donors were obtained from Tissue Solutions Ltd (Glasgow, UK).

Normal tissues were obtained from MedImmune\'s (MedImmune, Cambridge, UK) internal tissue bank (sourced through Hammersmith Hospital, London, UK and Peterborough Hospital, Peterborough, UK), which included a total of eight stomach samples from two donors, 10 small intestine samples from nine donors, 11 colon samples from eight donors and an internal MedImmune normal TMA containing samples from two donors from each of 30 normal tissue types.

Normal human tissue cross reactivity TMA slides were also purchased from Asterand Bioscience (Royston, Hertfordshire, UK) and contained three donors in duplicate from 36 normal tissue types.

Flow cytometry
--------------

Cells (1 × 10^5^) were washed twice with Flow Cytometry Staining Buffer (eBioscience, San Diego, CA, USA) and incubated with the primary antibody for 60 min on ice. Cells were washed again and incubated with PE conjugated anti-mouse IgG (Jackson Laboratories) for 30 min, washed three times and fluorescence measured using a BD FACSCanto (BD Biosciences, Franklin Lakes, NJ, USA) and analysed using FlowJo 10 software (FlowJo LLC, Ashland, OR, USA).

Luminex assay
-------------

A LifeCodes LSA-MIC Luminex kit (Gen-Probe, LSA MIC 3TL265300) was used to determine binding of B1-F2A4 and 6D4 to 28 different alleles of MICA. Because the kit is designed to measure antibodies in human serum, the assay was reconfigured to determine the binding of the B1-F2A4 and 6D4 mouse IgG antibodies using an anti-mouse IgG R-Phycoerythrin-AffiniPure F(ab\')~2~ fragment (Jackson ImmunoResearch).

ELISA
-----

Soluble MICA and MICB were detected in human serum using human Duo Set ELISAs from R&D Systems (Abingdon, UK) according to the manufacturer\'s protocol.

Immunohistochemistry
--------------------

Frozen tissue samples were supported in OCT and cryo-sectioned at 5 *μ*m.

Sections were briefly fixed in 10% neutral buffered formalin for 15 s and endogenous peroxidase activity blocked by 0.03% hydrogen peroxide for 10 min. Before incubation in primary antibodies, sections were incubated with 2.5% horse serum (Vector Laboratories, Burlingame, CA, USA) for 20 min. Primary antibodies were titrated across MICA/B expressing and non-expressing cell lines and tissues (pancreas, small intestine and colon) to elucidate the optimal concentration for each antibody.

Mouse primary antibodies, B1-F2A4 or NIP228 were incubated at 0.75 *μ*g ml^−1^ for 1 h at room temperature, detected with anti-mouse Ig ImmPRESS-HRP reagent (Vector Laboratories) and visualised using DAB+ substrate (Dako). Nuclei were counterstained with Gill I Haematoxylin (Leica Biosystems, Nussloch, Germany), slides were dehydrated and permanently mounted with a coverslip. Slides were digitally scanned using an Aperio Scanscope XT (Leica Biosystems).

Immunofluorescence
------------------

Frozen tissue samples were supported in OCT and cryo-sectioned at 5 *μ*m.

Sections were briefly fixed in 10% neutral buffered formalin for 15 s. Single-stain immunofluorescence was performed at room temperature using a 5% rabbit or 5% goat serum blocking step followed by incubation in either 0.75 *μ*g ml^−1^ mouse B1-F2A4, 0.75 *μ*g ml^−1^ mouse NIP228, 2 *μ*g ml^−1^ rabbit CD63, 1 : 1000 stock dilution of rabbit CD107a or 2 *μ*g ml^−1^ rabbit immunofraction antibodies for 1 h. Primary antibodies were detected and visualised using either Rabbit anti-Mouse IgG Alexa488 or Goat anti-Rabbit Alexa594 antibodies. Slides were counterstained with DAPI (Biotium, Hayward, CA, USA) and permanently mounted.

Dual stain immunofluorescence was performed at room temperature using a 2.5% bovine serum albumin protein block for 20 min followed by incubation in either 2 *μ*g ml^−1^ rabbit anti-human CD63, 1 : 1000 stock dilution of rabbit CD107a or 2 *μ*g ml^−1^ rabbit immunofraction antibodies for 1 h. Goat anti-Rabbit Alexa594 antibody was used to detect and visualise the rabbit primary antibodies. Rabbit serum was used to saturate any nonspecific binding potential of the anti-rabbit secondary antibody before incubation for 1 h in 0.75 *μ*g ml^−1^ mouse B1-F2A4 or 0.75 *μ*g ml^−1^ mouse NIP228 antibodies. Rabbit anti-Mouse IgG Alexa488 antibody was used to detect and visualise the mouse primary antibodies. Slides were counterstained with DAPI and permanently mounted.

Confocal imaging
----------------

Slides were reviewed and images taken using an Olympus FV1000 Confocal microscope (Olympus, Southend-on-Sea, UK).

Results
=======

Characterisation of B1-F2A4
---------------------------

To systematically evaluate expression of MICA/B in both tumour and healthy tissue, we characterised a novel antibody for binding specificity and suitability for use in IHC.

The B1-F2A4 antibody showed cell surface binding by flow cytometry to a selected panel of cell lines either transfected with MICA/B (CIR MICA\*004, CIR MICB\*001, CT26 MICA\*004, 4T1 MICA\*004, TrampC2 MICA\*004) or reported to express MICA/B (HCT116, HeLa, HT29, MDA-MB-231) ([@bib4]; [@bib5]; [@bib8]; [@bib32]) but not to negative control mouse cell lines (Pan02, CT26, 4T1, TrampC2) ([Figure 1A](#fig1){ref-type="fig"} and [Supplementary Figure 1A](#sup1){ref-type="supplementary-material"}).

Antibody pull-down and subsequent western blotting experiments showed that B1-F2A4 indeed binds to MICA ([Supplementary Figure 2](#sup1){ref-type="supplementary-material"} and [Supplementary Materials and Methods](#sup1){ref-type="supplementary-material"}). Biacore analysis confirmed that B1-F2A4 has high affinity for MICA and B, with *K*~D~ values of 0.965 and 1.9 n[M]{.smallcaps}, respectively ([Supplementary Figure 3](#sup1){ref-type="supplementary-material"} and [Supplementary Materials and Methods](#sup1){ref-type="supplementary-material"}).

The B1-F2A4 antibody was then validated for IHC using frozen cell pellets from these cell lines ([Figure 1B](#fig1){ref-type="fig"} and [Supplementary Figure 1B](#sup1){ref-type="supplementary-material"}) as described previously ([@bib20]). The anti-human MICA antibody, 6D4, was also utilised as a comparator. Although B1-F2A4 stained all MICA/B expressing cell lines, 6D4 only showed strong staining of CIR MICA\*004, CIR MICB\*001, CT26 MICA\*004, 4T1 MICA\*004, TrampC2 MICA\*004 and HeLa cells, weak staining of HT29, occasional staining of MDA-MB231 cells but no staining of HCT116 cells. No staining was observed in the negative Pan02, CT26, 4T1, and TrampC2 cell lines with either antibody.

The B1-F2A4 antibody was therefore chosen for use in studies to investigate the expression of MIC in frozen human tissue.

The MICA protein is highly polymorphic with 73 known alleles ([@bib13]). Therefore an assay comprising recombinant MICA proteins, representing 28 of the most prevalent alleles, was used to characterise the binding of B1-F2A4 and 6D4. B1-F2A4 binds the *α*3 domain of MICA (data not shown), and when all 73 alleles of MICA are analysed based on their *α*3 domain sequence, they cluster into 15 unique *α*3-domain sequences ([Supplementary Table 1](#sup1){ref-type="supplementary-material"}). The assay used covers 8 of these *α*3 domain alleles; these are highly prevalent, covering 94--96% of the global population ([Supplementary Table 1](#sup1){ref-type="supplementary-material"}; [@bib15]). As shown in [Figure 1C](#fig1){ref-type="fig"}, B1-F2A4 binds to all major alleles of MICA. Interestingly, B1-F2A4 did not bind to allele 043 and has reduced binding to allele 046, which both occur at a very low frequency in the population. Sequence comparison of the different alleles revealed that MICA\*043 possesses a unique serine residue at position 256 in the *α*3 domain while all other alleles have an arginine residue at this position ([Supplementary Table 1](#sup1){ref-type="supplementary-material"}). This suggests that arginine 256 is critical for the binding of B1-F2A4 and has been confirmed by experiments showing reduced binding to MICA carrying mutations in this region (data not shown). The 6D4 antibody inhibits MIC-induced cytotoxicity ([@bib11]), therefore likely binds in the *α*1/2 domain that interacts with NKG2D. This antibody also shows broad MICA coverage in the same assay, binding all alleles except 036.

MICA/B is strongly expressed in major tumour types
--------------------------------------------------

MICA/B has been reported to be expressed in a wide range of tumour types ([@bib43]). MICA/B expression in major tumour types was analysed using both B1-F2A4 and 6D4 antibodies for IHC of TMA\'s comprising samples from colorectal, NSCLC, breast, prostate, pancreatic, HCC, ovarian and gastric cancers.

B1-F2A4 staining demonstrated strong the MICA/B expression in most tumour types ([Figure 2A](#fig2){ref-type="fig"}). In contrast, no tumour staining was observed for the 6D4 antibody ([Supplementary Figure 4](#sup1){ref-type="supplementary-material"}). No specific staining was observed with the isotype control antibody ([Supplementary Figure 5](#sup1){ref-type="supplementary-material"}).

By IHC, 91 out of the 101 tumour samples stained with B1-F2A4 clearly demonstrated MICA/B expression ([Table 1](#tbl1){ref-type="table"}) specifically all colorectal, NSCLC, lung cancer (unknown type), breast and gastric cancers, as well as 11/12 prostate, 8/9 pancreatic, 3/6 HCC and 13/18 ovarian cancer samples demonstrated strong to moderate intracellular localisation. The amount of cell surface expression on tumour cells appeared to be occasional (⩽20%).

Because cell surface MICA/B is known to activate cytotoxic cells, including NK cells and CD8+T cells, we examined the localisation of MICA/B expression on tumour tissue using immunofluorescence (IF) with confocal microscopy. Interestingly, MICA/B expression appeared predominantly intracellular, as punctate granular staining with occasional (⩽20%) punctate cell surface expression ([Figure 2B](#fig2){ref-type="fig"}). This is in contrast to the cell surface expression of MICA/B observed on tumour cells lines using flow cytometry.

MICA and MICB have been reported to be shed from the surface of many tumours ([@bib43]). We therefore asked whether cell surface expression of MICA/B is associated with shedding. Serum samples from patients with breast, colorectal or gastric cancer were analysed for the presence of soluble MICA and MICB.

Samples with (*n*=5) or without (*n*=4) detectable levels of soluble MICA and/or MICB (\>200 pg ml^−1^) were selected and corresponding tumour samples analysed by both IHC and IF confocal microscopy ([Figure 2C](#fig2){ref-type="fig"} and [Supplementary Table 2](#sup1){ref-type="supplementary-material"}). Interestingly, we did not detect any apparent differences in the pattern of expression, or intracellular localisation, of MICA/B between samples from patients with detectable soluble MICA/B levels and those from patients without soluble MICA/B in the serum.

MICA/B is expressed by normal tissue epithelia
----------------------------------------------

While MICA/B is strongly expressed in many tumour types, it has been reported to be absent from most normal tissues, with the exception of the gastrointestinal tract ([@bib16]). To confirm this, we systematically evaluated the expression of MICA/B in 36 normal tissue types utilising IHC with both the B1-F2A4 and 6D4 antibodies.

Surprisingly, B1-F2A4 antibody binding revealed strong MICA/B expression in epithelia of most tissues including: breast, colon, liver, pancreas, stomach, bronchus, bladder and ureter ([Figure 3](#fig3){ref-type="fig"} and [Table 2](#tbl2){ref-type="table"}). Expression was also found in the epithelial cords of the thymus and squamous epithelium covering the tonsil ([Supplementary Figure 6](#sup1){ref-type="supplementary-material"}) and was detected occasionally in the Bowman\'s capsule of kidney and in smooth muscle cells and/or myofibroblasts within stomach, small intestine, colon, bladder, cervix, fallopian tube, prostate and ureter. No expression was evident on other cell types. Moreover, no expression was detected in the adrenal gland, bone marrow, brain, peripheral nerves or spinal cord, eye, heart, skeletal/striated muscle, spleen or testis ([Table 2](#tbl2){ref-type="table"}). In contrast, no staining was demonstrated in normal tissue with the 6D4 antibody ([Supplementary Figure 4](#sup1){ref-type="supplementary-material"}). No specific staining was observed with the isotype control antibody ([Supplementary Figure 5](#sup1){ref-type="supplementary-material"}).

IF confocal microscopy was performed to determine the cellular localisation of MICA/B. Similar to what was observed in tumour tissue, the majority of MICA/B staining was found to be intracellular with only a small amount (⩽20%) of MICA/B protein detectable on the cell surface.

To confirm expression of MICA/B by epithelial cells, human mammary gland and bronchial epithelial cells were analysed by IF and showed strong, predominantly intracellular expression of MICA/B ([Supplementary Figure 7A](#sup1){ref-type="supplementary-material"} and [Supplementary Materials and Methods](#sup1){ref-type="supplementary-material"}). This was confirmed using flow cytometry and image flow cytometry using B1-F2A4 as well as 6D4. Both human mammary gland and bronchial epithelial cells showed weak expression of MICA/B on the cell surface. However, permeabilisation of the cells prior to staining with the anti-MICA/B antibody revealed strong intracellular expression of MICA/B ([Supplementary Figure 7B and C](#sup1){ref-type="supplementary-material"} and [Supplementary Materials and Methods](#sup1){ref-type="supplementary-material"}). Interestingly, while staining was observed with both test antibodies, the signal obtained with 6D4 was consistently lower than the one observed with B1-F2A4.

Ain addition, western blotting of immune-precipitates using commercially available antibodies confirmed expression of MICA/B in these epithelial cells ([Supplementary Figure 7D](#sup1){ref-type="supplementary-material"} and [Supplementary Materials and Methods](#sup1){ref-type="supplementary-material"}).

MICA/B expression co-localises with CD63 and CD107a
---------------------------------------------------

Because the majority of MICA/B expression does not appear to be localised on the cell surface but rather in distinct intracellular structures, and because MICA/B has been reported to be released in exosomes ([@bib9]; [@bib4]) we used an antibody to CD63 and IF confocal microscopy to investigate whether MICA/B is co-localised with CD63 in MICA/B expressing cells ([Figure 4A](#fig4){ref-type="fig"}).

CD63 was found to be expressed in all samples of cancer and normal tissue and, as expected, was confined to discrete intracellular structures. Co-localisation with MICA/B was observed in most of the samples (7/9), however the majority of MICA/B in the cells was not co-localised with CD63 ([Supplementary Table 3](#sup1){ref-type="supplementary-material"}). Interestingly, co-localisation of CD63 and MICA/B appeared to be more frequent in healthy tissue than in cancer tissue, even though this was not statistically significant.

In additionally, co-localisation of CD63 and MICA/B was independent of whether soluble MICA/B was present in patient serum (data not shown).

We next asked whether MICA/B proteins co-localise with CD107a (LAMP-1), a marker for lysosomes. As expected, CD107a was found to be expressed in all samples of cancer and normal tissue and was confined to discrete intracellular structures ([Figure 4B](#fig4){ref-type="fig"}). Co-localisation with MICA/B was observed in all of the samples (9/9) with CD107a frequently co-localised with MICA/B ([Supplementary Table 3](#sup1){ref-type="supplementary-material"}).

Discussion
==========

The expression of MICA and MICB proteins has been reported for many tumour types, with high expression associated with poor prognosis ([@bib36]). In contrast expression of MICA and MICB has been reported to be restricted to only a few normal tissue types, including gastrointestinal tract epithelium ([@bib16]; [@bib3]), and adjacent normal mucosa from gastric cancer patients ([@bib28]). MICA/B is also reported to be shed from the surface of cancer cells ([@bib29]; [@bib43]).

Because prolonged exposure to high concentrations of soluble MICA has been shown to blunt NKG2D activity on NK cells and CD8+ T cells ([@bib17]; [@bib30]; [@bib10]; [@bib19]), MICA/B shedding has been considered as a potential mechanism of tumour immune escape.

Soluble MICA has been proposed as a potential clinical biomarker in HCC ([@bib22]) and as target for cancer therapy ([@bib36]). However, a systematic analysis of the expression of MICA and MICB *in situ* in healthy normal tissue as well as a wide variety of tumour types was missing due to the lack of well validated antibodies for IHC and IF confocal microscopy.

We therefore characterised a novel antibody specific for MICA/B which binds a wide range of MICA alleles at a unique epitope in the *α*3 domain.

Using this antibody we demonstrate for the first time that MICA/B is more broadly expressed across a wide range of normal tissue epithelia, and confirm expression by a broad range of cancer types. Importantly, we show that the majority of MICA/B staining is present in distinct intracellular structures with only occasional (\<20%) membrane localisation in a few normal tissue types (bladder, bronchus, kidney and colon). Interestingly, while MICA/B is expressed by the majority of tumours from a range of indications, similar to normal tissue, MICA/B localisation was found to be predominantly intracellular with only occasionally detectable cell surface expression. While previous studies have reported strong intracellular expression of MICB in neuroblastoma ([@bib26]) and MICA/B in renal cell carcinoma (RCC) ([@bib34]) it was not clear what proportion of MICA/B proteins are cell surface expressed *vs* intracellular.

This pattern of expression is consistent with a recent report that showed low but detectable intracellular MICA/B expression in enterocytes in samples from healthy individuals and, importantly, large MICA/B containing aggregates oriented to the apical pole associated to the perinuclear region in mucosal samples with mild, moderate and severe enteropathy in Coeliac Disease ([@bib3]). Additionally, Schrambach *et al*, have reported MICA/B expression on epithelial cells and fibroblasts in Rheumatoid Arthritis synovitis and Sjögren syndrome accessory salivary glands, respectively ([@bib33]).

Furthermore, intracellular retention and low or absent cell surface expression of MICA has been described in several human melanoma cell lines, and this was reported to protect these cells from NKG2D mediated killing by NK cells ([@bib14]).

The NKG2D/NKG2D ligand system is thought to have evolved as a mechanism by which cells alert the immune system to stress, transformation or infection. NKG2D ligands are expressed on the cell surface of stressed or damaged cells, and facilitate recognition and killing by NKG2D-expressing cytotoxic cells. Expression of NKG2D ligands is therefore tightly controlled on multiple levels. Epithelial cells that cover the exterior surfaces of organs are often the first site of contact with pathogens, irritants or transforming agents. They therefore need to be able to react rapidly to these stimuli and multiple mechanisms by which cells are able to do this have been described ([@bib27]). Storing pre-formed MICA/B molecules in vesicular structures intracellular would enable epithelial cells to rapidly transport MICA/B to the cell surface upon stress, infection or transformation.

The relatively low abundance of MICA/B on the cell surface was not expected, however this could be due to the relatively short half-life of MICA/B on the cell surface. MICB ([@bib1]) and MICA (unpublished observation) have been shown to reside only briefly on the cell surface of overexpressing cells before being either shed from the membrane or endocytosed and recycled to internal departments. This is, however, unlikely to account entirely for the low abundance of MICA/B on the cell surface since a substantial amount of MICA/B should be present at any given time before it is recycled. MICA has also been reported to be organised into lipid rafts on the surface of MICA-expressing cell lines ([@bib12]; [@bib2]), which is in line with our observation that MICA/B cell surface expression, where detectable, tends to be in discreet structures visualised as granular/punctate staining.

Since proteolytic cleavage of MICA/B from the plasma membrane is one of the major mechanisms by which tumour cells are thought to evade detection by NKG2D-expressing cytotoxic cells, we screened selected patient samples for the presence of soluble MICA or MICB in the serum. Surprisingly, using a limited number of samples, we did not see any obvious differences in the patterns of expression or cellular distribution of MICA/B between samples from patients in which we had detected soluble MICA/B and those where we did not, suggesting that shedding may not contribute significantly to the low abundance of MICA/B on the plasma membrane.

Another potential mechanism that has been proposed for tumour cell down-modulation of MICA/B expression is through release of MICA/B containing exosomes ([@bib9]; [@bib4]). CD63 is often used as a marker for exosomes, and CD63 and MICA have been detected in exosomes released from MICA-expressing cells ([@bib4]). We observed co-localisation of CD63 with MICA/B in all tumour samples, raising the possibility that at least a small fraction of intracellular MICA/B may be released through exosomes. However, co-localisation with CD107a was more abundant showing that a good proportion of MICA/B is localised in lysosomes and could be targeted for degradation.

Interestingly, CD63 co-localisation with MICA/B appeared to be more frequent in normal tissue than in the corresponding cancer tissue. This is in line with the observation that CD63 expression is downregulated in later stages of colon and breast carcinoma and that low CD63 expression correlates with invasiveness and metastasis ([@bib35]; [@bib31]).

However, in addition to its presence in exosomes, CD63 is also abundantly present in late endosomes ([@bib25]) and MICB has been reported to co-localise with CD63 in late endosomes in cell lines ([@bib1]), therefore whether co-localisation of MICA/B and CD63 is indicative of release of MICA/B through exosomes remains to be determined.

Most studies have used cell lines to investigate cellular localisation and shedding of MICA/B. Similar to previous reports, we have detected MICA/B cell surface expression of all cell lines that showed intracellular MICA/B expression, suggesting that regulation of cell surface expression of MICA/B is controlled differently than in tissues. Schilling *et al* recently showed that hypoxia, which is common in solid tumours, induced a decrease in the membrane expression of MICA/B on some cell lines and is associated with a reduced sensitivity to NK cell-mediated lysis ([@bib32]). This suggests an alternative explanation for reduced cell surface MICA/B in tumours.

The anti-MICA antibody 6D4, used in other studies and used as a comparator in this study, may not be an optimal IHC reagent, as it stained only some of the cell lines that are known to express MICA/B in IHC ([Figure 1B](#fig1){ref-type="fig"}). Moreover, it only showed staining of some highly expressing tissue types, such as intestine. This could be due to differences in epitopes that are recognised by B1-F2A4, which has been shown to bind the *α*3 domain of MICA/B, and 6D4, which binds to the *α*1/2 domain of MICA/B ([@bib18]), and which could be differentially affected by post-translational modifications such as glycosylation ([@bib23]).

The use of the novel B1-F2A4 antibody therefore allowed the first systematic IHC analysis of MICA/B expression in a wide range of tumour tissue as well as in healthy normal tissue, showing that MICA/B is strongly expressed in most tumour samples analysed, with predominantly intracellular localisation and only occasional cell surface localisation. Importantly, we report a similar profile for many epithelial cells in normal tissues.
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![**B1-F2A4 binding to cell lines and to a range of MICA alleles.** (**A**) Indicated cell lines were stained with either B1-F2A4 or an isotype matched control antibody and analysed by flow cytometry (**B**) IHC staining of indicated cell lines with B1-F2A4 or 6D4 antibodies (brown=MICA/B staining/blue=cell nuclei). (**C**) MICA allelic coverage of B1-F2A4 and 6D4 antibodies using the Lifecodes LSATM-MIC Luminex assay. B1-F2A4 shows binding to all alleles, except MICA\*043 and reduced binding to allele\*46. 6D4 binds all alleles, except for MICA\*036.](bjc201779f1){#fig1}

![**MICA/B expression in human tumour samples.** Representative IHC and confocal images of eight tumour types stained with B1-F2A4 antibody. (**A**) Indicated tumour types were stained with the B1-F2A4 antibody and analysed by IHC. Scale bars, 100 *μ*m. (**B**) IF Confocal images of selected tumour types. White arrow heads indicate occasional membrane localisation. Top images at ( × ) 400 magnification. (**C**) IF Confocal images of representative CRC samples from a patient with detectable soluble MICA/B (\>200 pg ml^−1^) (left) and from a patient without detectable soluble MICA/B (right). Images at × 400 magnification. (Brown or green=MICA/B staining/blue=cell nuclei).](bjc201779f2){#fig2}

![**MICA/B expression in normal tissue.** Representative IHC and confocal images of normal human tissue stained with B1-F2A4 antibody. (**A**--**I**) Human breast, colon, liver, pancreas, prostate, stomach, bronchus, bladder and ureter tissue stained B1-F2A4. Note: endogenous peroxidase activity present in IHC images of colon and stomach mucosal lamina propria. IHC images (top) and IF confocal images (bottom). (**G**--**I**) Occasional granular membrane localisation (white arrow heads) detected in bronchus, bladder and ureter. (**J**) Ureter staining with isotype control, IHC staining (top) IF Confocal staining (bottom). Scale bars indicate 100 *μ*m, IF Confocal images at × 400 magnification. (Brown or green=MICA/B staining/blue=cell nuclei).](bjc201779f3){#fig3}

![**MICA/B, CD63 and CD107a expression in human tumour and corresponding normal tissue.** Representative IF confocal images of three tumour types and corresponding normal tissue types stained with (**A**) B1-F2A4 and CD63 or (**B**) B1-F2A4 and CD107a. White arrows indicate co-localisation of B1-F2A4 with either CD63 or CD107a. Top row images at × 400 magnification (green=MICA/B staining/red=CD63 or CD107a staining/blue=cell nuclei).](bjc201779f4){#fig4}

###### Tumour tissue expression data for B1-F2A4 with both IHC and IF confocal assays

                                        **IHC**   **IF confocal**         
  ------------------------------------ --------- ----------------- ------ -----
  Colorectal                             13/13          Yes         ⩽20%   Yes
  Non-small cell lung cancer (NSCLC)     10/10          Yes         ⩽20%   Yes
  Lung cancer (unknown type)              6/6           Yes         ⩽20%   Yes
  Breast                                 16/16          Yes         ⩽20%   Yes
  Prostate                               11/12          Yes         ⩽20%   Yes
  Pancreatic                              8/9           Yes         ⩽20%   Yes
  HCC                                     3/6           Yes         ⩽20%   Yes
  Ovarian                                13/18          Yes         ⩽20%   Yes
  Gastric                                11/11          Yes         ⩽20%   Yes

Abbreviations: HCC=hepatocellular carcinoma; IHC=immunohistochemistry; MHC=major histocompatibility complex; MICA=MHC class I chain-related protein A; NSCLC=non-small cell lung cancer.

MICA/B expression in human tumour samples.

###### Normal tissue expression data for B1-F2A4 with both IHC and IF confocal assays

                                       **IHC**   **IF confocal**                
  ----------------------------------- --------- ----------------- ------------- -----
  Bladder                                5/7           5/8           (⩽20%)      Yes
  Large intestine -- colon              15/16         16/16          (\<5%)      Yes
  Kidney -- cortex                       8/8           8/8           (\<5%)      Yes
  Kidney -- medulla                      2/2           2/2           (\<5%)      Yes
  Lung -- bronchus                       5/6           6/6           (⩽20%)      Yes
  Lung -- parenchyma                     8/8           8/8           (\<5%)      Yes
  Pancreas                               4/4           5/8           (\<5%)      Yes
  Salivary gland -- parotid              6/6           4/4           (\<5%)      Yes
  Placenta                               8/8           8/8           (\<5%)      Yes
  Prostate                               6/8           8/8           (\<5%)      Yes
  Small intestine -- ileum              10/11         10/11          (\<5%)      Yes
  Thymus                                 5/5           5/5           (\<5%)      Yes
  Tonsil                                 6/8           4/5           (⩽20%)      Yes
  Ureter                                 6/6           6/6           (⩽20%)      Yes
  Uterus -- endometrium                  7/7           7/7           (\<5%)      Yes
  Breast[a](#t2-fn3){ref-type="fn"}      2/4           1/2             No        Yes
  Fallopian tube                         5/7           6/7             No        Yes
  Liver                                  6/8           8/8             No        Yes
  Parathyroid                            6/6           3/6             No        Yes
  Pituitary                              5/6           6/6             No        Yes
  Skin[b](#t2-fn4){ref-type="fn"}        1/7           1/8             No        Yes
  Small Intestine -- duodenum            3/3           3/3             No        Yes
  Small Intestine -- jejunum             3/3           3/3             No        Yes
  Stomach                               13/13          7/8             No        Yes
  Thyroid                                8/8           8/8             No        Yes
  Uterus -- cervix                       3/5           4/4             No        Yes
  Adrenal                                0/8           0/8         No staining  
  Bone marrow                            0/3           0/3         No staining  
  Brain -- cerebellum                    0/8           0/8         No staining  
  Brain -- cerebral cortex               0/6           0/6         No staining  
  Eye                                    0/2           0/2         No staining  
  Heart                                  0/8           0/8         No staining  
  Lymph node                             0/4           0/2         No staining  
  Ovary                                  0/8           0/8         No staining  
  Peripheral nerve                       0/3           0/3         No staining  
  Skeletal/striated muscle               0/8           0/8         No staining  
  Spinal cord                            0/6           0/6         No staining  
  Spleen                                 0/8           0/8         No staining  
  Testis                                 0/4           0/4         No staining  

Abbreviation: MICA/B=MHC class I chain-related protein A/B.

MICA/B expression in human normal tissue.

Positive epithelial tissue when present in samples.

Positive excretory duct epithelia when present in samples.

[^1]: These authors contributed equally to this work.
